The distribution patterns of individuals together with mechanisms that maintain them have significant implications for population-level processes. Sex-specific differences in home-range may strongly influence the spatial distribution of individuals, while the differential use of space by the sexes can yield insights into the mating system and the life history of the species. Sexual differences in the use of space could be due to different habitat requirements during the breeding season. This is interesting because the males and females likely are interacting with operational sex ratios and mating strategies. Here, we evaluated for ten months of the year 2014, the spatial patterns of ecological distribution in males and females of two species of deer mice (Peromyscus difficilis and P. melanotis) that coexist in a temperate forest. Also, we assessed the variation in the use of space by males and females in both Peromyscus species and we analyze the intensity of positive association or repulsion between males and females. During drought and rain seasons, males and females of both Peromyscus were captured. The sex and reproductive status of each were identified. To analyze the spatial patterns of ecological distribution, we used the Nearest Neighbor Analysis. Kernel spatial analysis was performed to evaluate the variation in the use of space of males and females between seasons. The Ripley's K bivariate function was carried out to assess the positive association or repulsion between males and females in each season. We found a different use of space between sexes. Our evidence shed light on the respective life histories of these species and provides information on possible factors that they may be using to coexist successfully among them. We conclude that in this temperate coniferous forest: 1) use of space by P. difficilis and P. melanotis, is influenced by both sex and by the reproductive season, and that this pattern varies, according to shifts on ecological conditions that promote variation and availability of resources during the two pluvial seasons; 2) there are interspecific differences in the use of space with conspicuous intraspecific differences in females and males of P. difficilis (e. g., males are more territorial, and both sexes only become more clustered during the breeding season), while both sexes of P. melanotis are more gregarious; and 3) there is a clear differentiation in the reproductive seasons of both species that could be related to resources availability, such as shelters and food.
Introduction
Spacing patterns of individuals together with mechanisms that maintain them have significant implications for population-level processes (Adler 2011) . For instance, sex-specific differences in home-range may strongly influence the spatial distribution of individuals ), while differential use of space by the sexes can yield insights into the mating system, thus improving our comprehension of little-studied species (Ostfeld et al. 1985; Gaulin and Fitzgerald 1988; reviewed in Clutton-Brock 1989 , 1991 Heske and Ostfeld 1990) . Indeed, rodents exhibit intra-sexual differences in home range sizes and spacing patterns, since male home-ranges are more extensive than those of females (Bowers and Smith 1979; Morris 1984; Kamler and Gipson 2003; Blondel et al. 2009 ). Also, spatial partitioning between the sexes (Morris 1984 ) may result from competitive interactions for habitat-based resources in short supply, such as foraging areas or refuge cover, or from intrinsic differences on reproduction roles (e. g., females select a dense cover for natal care). Although males and females must cooperate for sexual reproduction, their best reproductive strategies to maximize fitness, frequently conflict with one another (Parker 1979; Arnqvist and Rowe 2005; Morris and MacEachern 2010) . These differences between the sexes in habitat requirements are especially interesting because they are likely to interact with operational sex ratios and mating strategies (Morris and MacEachern 2010) .
The space partition by sexes can become very complex when they have to coexist or compete with their counterparts in another congeneric species, especially if habitat heterogeneity also varies spatiotemporally (De-la-Cruz et al. 2018) . For instance, temporal fluctuations can stabilize coexistence via storage effect (Chesson 2000) , when interannual variation in climate or resource availability favors alternatively one group of species over the others (Zavaleta et al. 2003) . Therefore, in order to document how sexual partition of space is influenced by breeding season and by the presence of another congeneric species, here we studied the differential use of space by males and females of two species of deer mice (Peromyscus difficilis and P. melanotis) in two seasons (drought and rain) in a temperate coniferous forest in Central Mexico. Hence, our four objectives were: 1) to analyze capture variation in males and females for both species; 2) to identify spatial patterns of ecological distribution (dispersion) of each sex for both species; 3) to assess variation in the use of space by males and females in each species, and 4) to analyze the intensity of association or repulsion within and between the sexes in the two species.
Methods
Study system. Our biological models were two syntopic species of Peromyscus in a temperate mountain forest in Central Mexico. Peromyscus difficilis (J. A. Allen, 1891 ) is an endemic species with scansorial to semiarboreal locomotion, which dwells in a wide variety of habitats, from dry and semiarid hills to montane forests (Fernández et al. 2010) . P. difficilis traps were cleaned, and bedding was changed at each trap check event (Brouard et al. 2015) . Also, to avoid bias in the frequency quantification due to recurrence behavior or shyness of the mice to the trapping, in all capture sessions the traps were moved within an influence zone of 2.5 m 2 that was assigned to each sampling station (Brouard et al. 2015) . Coordinates of all trapped mice were recorded, and the species and sex, and reproductive activity determined through visual inspection.
Statistical analysis. To map variations in point density captures of small mammals, and to find density gradients across the plot area, we used the Kernel function. To test for type of ecological dispersion patterns (i. e., clustering or overdispersion) for males and females of both species within the plot, at each season, we used a "Nearest Neighbor Analysis" (Clark and Evans 1954) , applying the wrap-around edge effect adjustment, which is only appropriate for rectangular domains, as our plot. In general, the "Nearest Neighbor Analysis" compares the mean distance of each from its nearest conspecific neighbor with the mean distance expected for a set of points randomly dispersed at the same density (Vázquez and Álvarez-Castañeda 2011) . The ratio of the observed mean distance to the expected distance (R) indicates how the observed distribution deviates from random. Clustered points give R < 1, Poisson patterns give R ~ 1, while overdispersed points give R > 1. We performed these analyses in PAST software (ver. 3.14, Hammer et al. 2001) .
To assess whether the sexes were associated or disassociated within and between species, we compared its dispersion patterns using Ripley's K bivariate function (Ripley 1977) , since the method considers all distances among individuals located under a Cartesian scheme (X, Y) in a quadrat plot (Ripley 1977; Dale 1999; Zavala-Hurtado et al. 2000) . We used PASSaGE (ver. 2, Rosenberg and Anderson 2011) to carry out Ripley's bivariate K analysis. We used the option to test the associations conditional on current locations hypothesis in PASSaGE. In this test, the point locations remain fixed, and only the types are randomized (the sexes). The number of each type remains fixed, but the association of each type with a specific, fixed location is randomized. In this case, one is not testing whether the points are themselves random or clustered, but rather whether the association of type A with type B (males vs. females) is what one would expect given the locations of the points as fixed (Rosenberg and Anderson 2011) . We assigned coordinates to each sampling stations considering 5 m distance between them. Therefore, because each sampling station had a Cartesian coordinate system, we used as data input for each station where we capture mice. Thereby, our null hypothesis involved independence between females and males (Ripley 1977; Dale 1999 ), since we were interested in whether points of a specific type (e. g., females) were associated, or disassociated, with points of the other specific type (e. g., males). In other words, Ripley's K 12 (d) allowed us to assess spatial attraction or repulsion between the sexes within and between species, among the stations of the plot. To evaluate the statistical significance of K 12 (d), we estimated 95 % confidence envelops (95 % CI), using a Monte Carlo procedure, based on 1000 stochastic relocation simulations of the sampling stations in the plot (Upton and Fingleton 1985; Zavala-Hurtado et al. 2000) . When L(d) was positive and took values over the upper limit of the confidence region, we inferred dissociation or repulsion between the sexes at the corresponding (d) scale; whereas a significant negative deviation indicated us a pattern of association or attraction between the two sexes (Dale 1999) . If L(d) remains within the limits of the 95 % CI for a given value of d, the null hypothesis of independence between the two contrasts cannot be rejected (Dale 1999) . The height of the L(d) function (peak height) indicates the intensity of the association or repulsion. Control for edge effect was carried out for the analysis by rescaling the count based overlap with the study boundary (Rosenberg and Anderson 2011).
Results
In this study with a capture effort of 2,400 traps-nights, we captured 110 individuals from both species during the dry season, while for the rainy season we captured 168 individuals. In the dry season, we captured 64 individuals of P. difficilis. While for P. melanotis during the dry season, we captured 46 individuals. In contrast, during the rainy season, the frequency of capture of P. difficilis was 87 individuals. While the total captures in this season for P. melanotis were 81 individuals. We also captured along the study 16 individuals of Sorex saussurei, two Neotomodon alstoni, five individuals of Reithrodontomys chrysopsis and two individuals of Cryptotis alticola. In the dry season (Table 1) , the number of adult males was higher than that of females in both species (P. difficilis, 47:17; P. melanotis, 29:17, respectively) , and overall, P. difficilis was more abundant than P. melanotis. Nonetheless, the number of reproductive males to females was very similar in both species within both seasons (Table 1: P. difficilis,14:13; P. melanotis, 9:7) . In the rainy season (Table 1) , the number of captured adult males was higher than that of adult females in P. difficilis (60:27), while this ratio was very similar between the sexes in P. melanotis (42:39). Although we documented a significant increase in captures of P. melanotis, P. difficilis remained as the more abundant species in the rainy season (Table 1) . In overall, the number of captures of reproductive males was twice the captures of reproductive females in P. difficilis, and we also detected a decrease in captures of breeding individuals from the dry to the rainy season (Table 1) . In contrast, the number of captures of breeding males and females was very similar in P. melanotis (16:14) . That is, our results supported that the main reproductive period for P. difficilis occurred during the dry season, while the same was true during the rainy season for P. melanotis (Table 1) .
In the dry season, Kernel's maps revealed a different use of space between males and females of P. difficilis (Figure1) with some overlaps in certain capture points, though we detected that males occurred on a broader area along the plot than females. On the contrary, males and females of P. melanotis show distribution overlaps in the capture points (Figure 1 ). In contrast, in the rainy season, we observed a high decrease in the dispersion of females of P. difficilis along the plot, while males of this species still expanded its dispersion along the plot (Figure 2 ), even though both sexes were captured almost in the same sampling stations. On the other hand, both males and females of P. melanotis expanded their distribution area within the plot during the rainy season, and we observed more overlaps between sexes of this species at the sampling stations (Figure 2) . In both seasons, the Nearest Neighbor Analysis revealed that males and females of each species showed a significant clustered pattern within the plot with both specific and sex differences (Table 2) . Therefore, during the dry season (Table 2) , the mean distance was farther among females of P. difficilis, and males were more clustered; while males and females were at a similar mean distance in P. melanotis. In the rainy season (Table  2) , females remained more distant from each other than males, though the mean distance between individuals decreased in P. difficilis, while mean distance increased in males of P. melanotis and females had a reduction in their occupied area.
In the dry season, Ripley's bivariate K analysis within species (Figure 3) revealed that males and females of P. difficilis were mainly positively associated at short distances with the major intensity of association at 2 and 6 m. Similarly, although males and females of P. melanotis exhibited higher association than P. difficilis, the major intensity of such association also occurred at 6 and 12 m (Figure 3 ). In the rainy season, males and females of P. difficilis were randomly dispersed in almost all the distances showing the major positive association at 2 and 6 m, and little peaks at distances 8 and 12 m. In contrast, males and females of P. melanotis showed a negative association at 5 m, followed by high positive associations at all analyzed distances (Figure 3 ).
In the dry season, Ripley's bivariate K analysis between sexes of the species (Figure 4 ) revealed a clear negative association at all distances between males of P. difficilis vs. males of P. melanotis (Figure 4) . Nevertheless, the females of P. difficilis vs. females of P. melanotis exhibited a random pattern of distribution. Therefore, we cannot reject the null hypothesis (Figure 4) . In contrast, in the rainy season, males of P. difficilis vs. males P. melanotis revealed a positive association in different distances and repulsion at 5 m. While females of P. difficilis vs. females of P. melanotis also showed an association at different distances (Figure 4 ).
Discussion
As expected from a relatively common pattern in studies conducted with Peromyscus species, we captured more males than females in both species. In general, females have smaller daily home ranges (DHRs) and lowest movements above ground than males, especially during the dry seasons (Trivers 1972; Gittleman and Thompson 1988) . Thus, differences in captures between the sexes and smaller female's DHRs in both species of Peromyscus, could be a consequence of reproductive roles, since females need to allocate more energy than males into mating, and especially into gestation, delivery, nursing, and raising of pups, which would occur at the expense of energy invested in displacements (Gittleman and Thompson 1988) . Availability of food resources has been considered as one of the most critical factors influencing the use of space in mammals (Dimitri et al. 2009; Adler 2011; Adrian and Sachser 2011; Maher and Burger 2011) . Therefore, in order to maximize their fitness, the distribution of females could be profoundly influenced by the distribution of food resources (Adler 2011) , mainly if food resources are scattered and with lower renewal rates, while the males are distributed according to the distribution of the females (Ostfeld et al. 1985) . Here, we found that males and females of both species showed a clustered pattern of dispersion. However, males of P. difficilis displayed a more segregated pattern of distribution in the reproductive season (dry season), when they became highly associated with the females. In contrast, males of P. melanotis showed a similar use of space as females along the plot, or at least they were captured in nearby stations in both seasons; indeed, such positive association pattern between sexes increased throughout the reproductive season (rainy season) in this species. Therefore, intraspecific temporal changes in mean distances between the sexes, as well as temporal patterns of association, showed us that the distribution of females could influence the distribution of the males. Moreover, when we compare the positive association or repulsion of the sexes between species (i. e., males of P. difficilis vs. males of P. melanotis and females of P. difficilis vs. females of P. melanotis), we observed that in the dry season, the males of both species were associated negatively, while the females did not show an association. In contrast, in the rainy season, males and females showed a positive association at different distances analyzed. This support that the distribution of males is profoundly influenced by the use of space of the females. We also believe that the repulsion pattern in the dry season between males of both species occurs due to resources availability are more scarce during this season. Therefore, the competition for the resources is more intense.
Furthermore, the primary breeding season of P. difficilis occurs in the dry season and thus, is probably that territoriality behavior can occur in the males that are searching for mating. Conversely, the intensity of such repulsion decreased substantially during the rainy season; indeed, at some analyzed distances, the two deer mice showed an association pattern. Holding our results that the increase of resources during the rainy season can allow that the species can share the habitat and coexist (De-la-Cruz et al. 2018) . Thus, our results indicate that in these two syntopic Peromyscus, both microhabitat use and spatial organization are seasonally variable depending on the breeding season of both small mammals (Pianka 1973; Schoener 1974; Brown and Zeng 1989; Cramer and Willig 2002; De-la-Cruz et al. 2018) .
Sexual differences in use of space by each species could be due to different habitat requirements by females and males during the breeding season (Morris 1984) . Females must select safe nesting sites for their young (e. g., against predation), and must spend considerable time at or near those sites, nurturing young. Thus, small female home ranges may be more a constraint of their reproductive role than an adaptation for enabling foraging at resourcerich habitats. Although males also require nest sites, their parental responsibilities give them greater freedom and opportunity to select microhabitats by resource levels or mate availability (Morris 1984) .
We confirmed that the reproductive season of P. difficilis occurs mainly during the dry season, while that for P. melanotis arises in the rainy season. In consensus, Salame-Mén-dez et al. . Shifts in interaction patterns (attraction-repulsion) between males of P. difficilis (Pd) vs. males of P. melanotis (Pm) and between females of P. difficilis (Pd) vs. females of P. melanotis (Pm) in dry and wet seasons, according to Ripley's bivariate K Analysis. The solid red line represents Ripley's K bivariate pattern, while dark dashed lines depict the area of a 95 % confidence interval (CI). Thus, if red lines fell within the 95 % CI area, the null hypothesis of random interaction cannot be rejected; while if red lines fell either below or above this area, the sexes were either attracted or repulsed, respectively. In the dry season, males of both species are negatively associated at all distances, while females of both species had random segregation along the plot. In the rainy season, males of both sexes were positively associated at different distances with a little peak of repulsion at 5 m. This last pattern also was observed for females of both species.
Figure 3. Shifts in interaction patterns (attraction-repulsion) between the sexes of each Peromyscus in dry and wet seasons, according to Ripley's bivariate K Analysis. The solid blue line represents Ripley's K bivariate pattern, while red dashed lines depict the area of a 95 % confidence interval (CI). Thus, if blue lines fell within the 95 % CI area, the null hypothesis of random interaction cannot be rejected; while if blue lines fell either below or above this area, the sexes were either attracted or repulsed, respectively. In P. difficilis (Pd), there was a high positive association between both sexes at all analyzed distances during the dry season, while both sexes had random segregation along the plot at rains, but still with attraction patterns at 1 -3, 6, 8, and 12 m. P. melanotis (Pm) had a more stable pattern of positive association between the sexes in both pluvial seasons: the sexes were highly attracted to each other in all analyzed distances during the dry season, and there was only a negative association (repulsion) at 5 m of distance between them during the rainy season, remaining associated in all other distances.
nadal contents of testosterone and other sex steroids in females of P. melanotis during the rainy season, while Castro-Campillo et al. (2008) , found that P. difficilis had its reproductive optimum during the dry season at the PNDL. The excluding and shifted breeding patterns in this two syntopic Peromyscus are followed by population increases (Castro-Campillo et al. (2008) ), thus allowing their coexistence in their mixed forest at this midlatitude study area.
In summary, we conclude that in our, temperate forest: 1) use of space by P. difficilis and P. melanotis, is influenced by both sex of the individuals and by reproductive season, and that this pattern varies, according to shifts on ecological conditions that promote variation and availability of resources during dry and wet seasons; 2) there are interspecific differences in the use of space with conspicuous intraspecific differences in females and males of P. difficilis (e. g., males are more territorial, and both sexes only become more clustered during the breeding season), while both sexes behave very similar in P. melanotis, indicating a much more gregarious behavior; and 3) there is a clear differentiation in the reproductive seasons of both species that could be related to resources available, such as shelters and food (see De-la-Cruz et al. 2018) .
